Paralichthys olivaceus) and function in the binding and detoxirecombinant baculovirus containing the TBT-bp2 gene. The binding potential of rTBT-bp2 was investigated and compared to that of the previously available recombinant TBT-bp1 (rTBT-bp1). Both rTBT-bp2 -ple binding sites and strong negative cooperativity. These results suggest that the typical central cavity of rTBT-bp2 has different effects than rTBT-bp1 in TBT binding. In a competition assay, rTBT-bp2 dis--lins and their function in responding to xenobiotics.
INTRODUCTION
Tributyltin-binding proteins (TBT-bps; TBT-bp1 and TBT-bp2) isolated from the blood of Japanese flounder (Paralichthys olivaceus) are recognized as members et al., 2002; Oba et al., 2007) . TBT, a hydrophobic small molecule, is an accessory ligand of TBT-bps and has potent immunotoxic or cytotoxic effects on aquatic organisms as an environmental pollutant, resulting in masculinization, abnoret al., 2003; Hano et al., 2007; Raffray et al., 1993) . The TBT-binding -co-treatment with recombinant TBT-bp1, which suggests et al., 2011) . In contrast, the function of TBT-bp2 is obscure. It
Takifugu pardalis -Ps), which show 47% amino acid identity to the sequence of TBT-bp2 (Oba et al and tetrodotoxin and are involved in the accumulation or et al., 2001) . It was reported that the intraperitoneal exposure of P. olivaceus to TBT-d 27 increased the protein concentration of TBT-bp2 in the serum, whereas it decreased the concentration of TBT-bp1 (Nassef et al., 2011) . Therefore, TBT-bp2 is expected to be more important for the binding of xenobiotics than TBT-bp1.
In this report, we obtained recombinant TBT-bp2 (rTBTexamined the binding potential of rTBT-bp2 using a typical candidates to reveal the function of TBT-bp2. The interactions of rTBT-bps with potential ligands were analyzed by following the methods of Gasymov et al. (1999) and Attie and Raines (1995) . All data were correceptor interaction [equation (1)] is identical to the equation describing the saturation function, despite the differ- (2) and (3), we get the following equations.
MATERIALS AND METHODS

Construction
sion techniques to estimate K d and n values. The repro-
Ligand competition assay
To explore the potential ligands of rTBT-bp2, we used a fluorescence competition assay. Every 5 min, 500 μl of a mixture of 4 μM rTBT-bp2 and 3 50 mM sodium phosphate, 300 mM NaCl (pH 7.0) was titrated with an aliquot of 500 rTBT-bp2, as well as in rTBT-bp1 previously described on the basis of the putative three-dimensional structure et al ed nonlinear regression curves ( Fig. 2B and E) . In generogeneity of binding sites for the ligand or cooperativity, meaning that binding of one ligand to the receptor affects et al N,N-dimethylformamide. As a positive control ( ), human alpha-1-acid glycoprotein was used instead of rTBT-bps. The excitation wavelength was 345 nm and ) and -we fitted the data to a Hill plot to examine the potential for cooperative binding ( Fig. 2C and F) . The dissociation constants for rTBT-bp2 and rTBT-bp1 were 0.97 and 1.75 μM, respectively. The lower K d value of rTBTbp2 was similar to that of AGP (K d = 0.99 μM), indicat-0.77 for rTBT-bp1. Thus, we can assume that both recombinant TBT-bps have multiple binding sites and that TBTtoxin and are involved in the accumulation or excretion et al., 2001). Nassef et al. (2011) reported that the protein concentration of TBT-bp2 in the serum was increased by intraperitoneal exposure of P. olivaceus to TBT-d 27 , whereas that of TBT-bp1 was decreased.
nentially from rTBT-bp2 by TBT, with a K i value of 0.29 μM (Fig. 3) . This result demonstrates that TBT (n-C 4 H 9 ) 3 as chloride, carbonate, or oxide that can bind to the positively charged ligand-binding site. The TBT-bp1 should have bound TBT and reduce its toxic effects on scale calet al., 2011) . Therefore, TBT-bp2 would be also expected to reduce TBT toxicity and to be involved in the accumulation of TBT in fish blood. In contrast, bp2 (Fig. 3) . Further binding assay is required to investigate the binding ability of TBT-bp2 to various xenobiotic compounds or endogenous substances such as retinol or toxins.
in silico ligand prediction and analysis of gene expression of TBT-bps in the presence of drugs are required to elulin and its function as a response factor to xenobiotics, respectively. 
